Synthesis, characterization, and liquid crystal (LC) aligning capability of polyimide (PI) for the active matrix (AM) liquid crystal display (LCD) application are demonstrated and discussed. The synthesized PI materials in this research are featured by: 1) a low curing temperature below 200 °C due to their organic-solvent-soluble property; 2) a good unidirectional LC alignment; 3) a useful capability for generating desired pretilt angles; and 4) an excellent voltage holding ratio. The methods and mechanisms of the unidirectional LC alignment, the generation of pretilt angle, and voltage holding ratio are discussed.
Introduction
Currently active matrix (AM) liquid crystal displays (LCDs) are widely utilized for computers and televisions for their useful performance featured by an excellent color display capability accompanying high information content. For the fabrication of AM-LCDs, it is necessary to use liquid crystal (LC) alignment films.
Requirements for these films are: 1) to be used in low temperature process below 200 °C to avoid the degradation of color filter and pixel transistor, 2) stable LC aligning capability, 3) to generate a pretilt angle more than 2 ° to prevent from reverse tilt disclination, 4) to have a good voltage holding ratio (VHR) to show high contrast indication. [1] [2] [3] [4] In this paper, we report the synthesis of organic-solvent-soluble (soluble) polyimide (PI) LC alignment films for AM-LCD use, which can be cured below 200 °C by just solvent evaporation.
The mechanism of the unidirectional alignment, and that of the pretilt angle generation by rubbing; the control of pretilt angle by introducing special molecular moieties in PIs, such as fluorine atoms;
and their voltage holding capability and mechanism are also discussed. Relationship between curing temperature and imidization ratios of polyimides. the imidization ratios of 0 % and 100 %, respectively. Figure 2 shows the relationship between curing temperature and imidization ratios of PIs. As the curing temperature of PAs (BTDA and CBDA) increased, the imidization ratios increased. The alignment films, which were prepared from PAs below 250 °C, contain the corresponding carboxyl group. On the other hand, the imidization ratio of PI-1 attains and keeps at the value of 100 % even if cured at 180 °C. 
Generation of pretilt angle
The increasing of pretilt angle of LC in LCDs is one of the most important subjects to achieve To elucidate the generation mechanism of the pretilt angle more in detail, the conformations of PIs were investigated with a computer simulation using MOPAC [9] by minimizing the steric energies of PI chains. The calculated results are shown in Fig. 9 . Figure 9 (a) and 9(b) show the calculated PI conformations using DA-1 and DA-3, respectively. From the comparison of these two models, the PI with large surface roughness tends to increase the surface pretilt angle of LC.
Voltage holding ratio
One of the most important parameters which characterizes the performance of an AM-LCD is the VHR (or charge holding ratio) of LCDs.
[lo] This is due to the fact that an LC medium in a subpixel display pad acts, in AM addressing, as a capacitive load to a nonlinear element, such as a 237 Fig. 8 Relationship between surface energies of polyimides and pretilt angles of LC. 
